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INTRODUCTION
The concept of microstrip line sensor was developed in early 1970, resulting in the first commercial sensors for fish meat processing [1] . Later, this technique was used to measure the ripeness of oil palm fruits [2] and the moisture content in green tea leaf [3] . In general, the regular measurement methods uses for microstrip line sensor is non-resonant method so-called reflection and transmission techniques. Those sensors usually are designed to operate at industrial, scientific and medical (ISM) band (430 MHz, 915 MHz, 1.9 GHz and 2.45 GHz). In this study, the microstrip line still used as a sensor, but in coupled line form. The size and arrangement of the coupled lines are based on resonant principle in order to obtain sensitive operation frequency range which can cover the ISM band. Similarly, the measurements methods implement for this study sensor are reflection/transmission techniques. This paper is focused on applications sensor for rice characterization. There are many brands and grades of rice in Malaysia. Thus, this give raise the need to determine and characterize the quality of rice properly to ensure that all types of rice can be priced accordingly. One of the rice quality factors is the moisture content, m.c inside the rice grain. In manufacturing, the rice grain is dried to below 12 % moisture content, m.c to prevent storage deterioration. Nevertheless, when grains are overdried to lower moisture content, m.c the producers also lose money from excessive weight loss.
II. METHODOLOGY

A. Design and Fabrication
In this study, 2 nd and 4 th order bandpass filter sensors were constructed using low cost FR4 and RT/Duroid 5880 printer circuit board (PCB), respectively. All filter sensors were designed based on Butterwoth routine and sketched by using AutoCAD software. Then, the drawing filter line was printed on an act paper and attached on PCB using ironing technique. Finally, the PCB was etched and fabricated with acrylic sample holder as shown in Figure 1 . The detail calculations for the filter physical dimensions are not described here, since it can be found in several literatures [4] , [5] . The dimensions of microstrip line (width, W, length, L and size coupling gap, S) and specifications of the PCB substrate for each sensor are tabulated in Table I .
B. Measurements
The reflection coefficient, ī and transmission coefficient, T for the sensors have been measured using the E5071C Network Analyzer at frequency range between 1.5 GHz to 3 GHz. Before measurements, the two-port calibration at the both ends of coaxial cable have been done using calibration kits (open, short and load). Various rice samples have been placed over the acrylic holder sensor with a height of 15 mm. Owing to this work is an initial study for rice characterization, the rice samples were blended in powder form to eliminate the air gap between the grain rice and the microstrip line in order to obtain an accurate measurement results. The part of experimental setup is shown in Figure 2 . Figure 3 and Figure 4 show reflection and transmission measurement for three types of rice which are 'Sakura Super Thai Brown Rice (SSTBR)', 'Sakura Basmati Pakistan Rice' and 'Giant Super Special Rice (GSSR)' available in Malaysia market.
III. RESULTS AND DISCUSSIONS
The three filter sensors used in this study have different magnitude of reflection coefficient, |ī| and transmission coefficient, |T| depend on a substrate and the order line of the filter. In Figure 3 , the shifting of resonant frequency for 4 th order filter sensor shows significant different (more sensitive) when testing on different rice samples. It is probably due to more coupled microstrip line can be found in 4 th order filter and this has made the sensing area more capacitive as compared to the 2 nd order filter sensor. Although, the 4 th order filter sensor illustrates the high sensitivity in reflection measurement, but it exhibits higher in the transmission loss and its size is larger than other filter sensor. All filter sensors are required to have the expected measured transmission coefficient, |T| for the value of the resonant peak is approximately 1. Unfortunately, the actual measured |T| peak value for 4 th order sensor is 0.45 as shown in Figure 4 . While, the measured |T| for 2 nd order filter sensors are given 0.60 for FR4 substrate and 0.82 for RT/Duroid substrate, respectively. 
In this study, the iron etching method was used to give a significantly low cost fabrication processes, nevertheless the contributed error in the dimension of the designed microstrip line will be greater. The size of the design line can be enlarged to approximately 0.5 mm due to thermal expansion during the ironing process. The fabrication error also can be caused by the uncertainty of permittivity and loss tangent of FR4 substrate. In our design, we assumed that the permittivity of FR4 substrate is a constant value, İ r = 4.2. However, as well known, the tangent loss in FR4 substrate is much higher than RT/ Duroid substrate and this will make the change in the permittivity, İ r for the FR4 with operated frequency. In addition, the part of soldering and the quality of SMA connectors are also the important factor in causing the error of fabrication. On the other hand, cable movement and cable connection mismatch, are normally contributed to the error in the measurement.
IV. CONCLUSION
This study is the initial step towards developing the microwave sensor using filter resonant concept. The actual mill rice grain instead of powder form along with the modeling study will be carried out in future work. Besides moisture content, the quality of rice based on the percentage of crack grain in the rice sample will be also carried out. GHz for three type of rice samples using 2 nd order filter sensor (RT/Duroid 5880), 2 nd order filter sensor (FR4) and 4 th order filter sensor (FR4), respectively.
